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Neutrinos @ CERN

• CERN had a very significant neutrino program 

starting in 1963 untill about 2000

• Experiments such as Gargamelle, BEBC, CDHS, 

CHARM-I and II, CHORUS, NOMAD…

• OPERA located in Gran Sasso with CNGS beam 

from CERN

• Now: revitalized neutrino program @ CERN via

– The Neutrino Platform and experiments at FNAL/Japan

– Opportunity for neutrino physics at the LHC

– Proposed beam dump for experiments e.g. SHiP

– Dedicated fixed target experiments (NA61, NA65) 



Neutrino History @ CERN

Final results on 𝝼μ → 𝝼τ oscillation from 

the CHORUS experiment arXiv:0710.3361

CHORUS

NOMAD



The OPERA Experiment    

Data taking: 01-01-2008  
23-09-2013

• The OPERA experiment was                                                           

designed to discover the 𝝼τ

appearance in a 𝝼μ beam, from                                                     

neutrino oscillations. 

• Nuclear photographic emulsion/lead target with a mass of about 1.25 

kt, with a baseline of 730 km collecting a total of 1.8·1020 protons on 

target 

• The OPERA Collaboration eventually assessed the discovery of 𝝼μ→𝝼τ

oscillations with a statistical significance of 6.1σ by observing ten 𝝼τ CC 

interaction candidates. 

• These events have been published on the Open Data Portal at CERN, 

and in a detailed description of the 𝝼τ data sample to make it usable by 

the whole community:       Scientific Data Vol 8 218 (2021)



The OPERA Experiment    

arXiv:1804.04912

micro-track reconstruction. 
The muon spectrometer

ECC: Emulsion cloud chamber



NA65: DsTau Experiment
Measure differentally Ds->tau production to improve tau-neutrino flux precision

DsTau Roadmap

Run taking place now!

Osamu Satu/FPF meeting

CERN fixed 
target exp.
at the SPS



Measure differentally Ds->tau production to improve tau-neutrino flux precision

Goal: For beamdump expts: reduce the flux uncertainty 50%->10%

NA65: DsTau Experiment



The SHiP Experiment

The Search for Hidden Particles 

Beam dump experiment: 400 GeV protons
Total of 2×1020 protons in five years

SHiP has a neutrino program
in particular for tau-neutrinos

Detectable interactions/5 year
C.S Yoon Nufact19 

R&D on the BDF/Detectors continuing.
Comprehensive design study by end of 2024

ECC:Emulsion Cloud Chamber



Neutrinos at Colliders

1984:  A. De Rujula and R. Ruckl: using colliders as a neutrino source (*)     
1990-1993:  Further discussion by K. Winter, F. Vanucci, A. De Rujula et al…

(*) CERN-ECFA workshop on hadron 

Colliders on the LEP tunnel (1984) Abundant production of neutrinos at LHC!

Forward production
of neutrinos 



2021: Neutrinos at the LHC

• Studying neutrinos in unexplored                                   

energy regime (TeV energies) 

• Neutrinos from the LHC 

– First detection of collider neutrinos 

– High energy frontier of man-made neutrinos 

• Cross section measurements of different flavours at high energy 

• Probing neutrino-related models of new physics 

• The contribution of the 𝛕 flavour to the neutrino flux is sizeable. 
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Neutrinos at the LHC

• Flavour composition and energy reach of the neutrino flux from proton-

proton collisions depend on the pseudorapidity η. At large η, energies 

can exceed the TeV, with a sizeable contribution of the 𝛕 flavour. 

• A dedicated detector could intercept this intense neutrino flux in the 

forward direction, and measure the interaction cross section on 

nucleons in the unexplored energy range from a few hundred GeV to a 

few TeV. The high energies of neutrinos result in a larger 𝝼N interaction 

cross section, and the detector size can be relatively small. 

Several proposals were emerging at a similar time in 2018-2020: 
XSEN, FASER𝛎, SND@LHC, all based on the emulsion technique 

b,c decays
W decays

arXiv:1903.06564



Neutrinos at the LHC: XSEN

arXiv:1804.04413, arXiv:1903.06564

• Four locations were considered as hosts for a neutrino detector: 25 m. 

90-120m and 240m from the CMS IP, and 480 m from ATLAS IP.  TI18 

emerges as the most favourable location. 

• A small detector in TI18 could measure, for the first time, the high-

energy 𝝼N cross section,  and separately for 𝛕 neutrinos, with good 

precision.
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Neutrino Experiments at LHC 

The XSEN experiment

• Emulsion only detector
• Stacks are “OPERA” style

arXiv:1910.11430

Plan was a 2-staged detector
- Pilot run with 0.5 ton mass first year
- Second run with 150 fb-1 with one  

(or two) detectors with 1.5 ton each
- Slightly off-axis for better b,c acceptance 
XSEN basically merged with SND@LHC



The FASER Experiment

• FASER (new particle searches) approved Mar. 2019. 

– Targeting light, weakly-coupled new particles at low 𝑝𝑇. 

• FASER𝝂 (neutrino measurements) approved Dec. 2019. 

– First measurements of neutrinos from a collider and in 

unexplored energy regime. 

• Detector now mostly installed and will be ready for Run 3 of 

the LHC starting spring 2022          
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arXiv:1708.09389, arXiv:1811.10243



The FASER𝛎 Experiment

arXiv:1908.02310

on axis



A 30 kg emulsion detector was installed in 
TI18 and 12.2 fb-1 data collected in 2018

Analyzed target mass 11 kg 

In a BDT analysis, an excess of neutrino 
signal is observed with a statistical 
significance 2.7𝜎 from null hypothesis 

The FASER𝛎 Experiment

arXiv:2105.06197

First Neutrino interaction candidates at the LHC



The SND@LHC Experiment

• Stand-alone experiment 480m downstream of IP1 in TI18 for 

neutrino measurements and searches for FIPs in the 

pseudorapidity region 7.2 < η < 8.7 (off axis)

• Approved by the CERN Research Board on 17 March 2021 

https://snd-lhc.web.cern.ch/ 

• Installation in the tunnel TI18 starting November 2021

• Aim to be ready for day 1 or Run 3   Spring 2022



The SND@LHC Experiment

SND@LHC is a small-scale prototype of the scattering and neutrino detector  
of the SHiP experiment 

A detector for neutrino interactions and searches for FIPs
• Target is nuclear emulsion (ECC) plus scintilating fibre tracking
• Muon identification (scintillating bars), also for calorimetry (iron)



Detailed detector layout

The SND@LHC Experiment



• Muon Detector (partially) being 
assembled in the H8 beamline at 
CERN – Iron + Scintillator

• Subjected to pion test beam (180   
GeV,  100 GeV)

• Installation in TI18 in November 

The SND@LHC Experiment



FASER𝛎 / SND@LHC

Differences between the two experiments:

• FASER𝛎 on axis and SND@LHC slightly of axis (enhance 

fraction of decays from charm)

• FASER𝛎 has a permanent magnet

• FASER𝛎 kinematics using multiple Coulomb scattering technique

• SND@LHC has a hadronic calorimeter, timing detectors and an 

active target

->  Complementary experimental set-ups arXiv:2105.08270 
Felix Kling



The Forward Physics Facility

arXiv:2109.10905

A new facility proposed
for the LHC phase 2 
operation i.e. HL-LHC
(2028-2037)

Two options ->



The Forward Physics Facility

Proposal: A liquid argon TPC - FLArE
Excellent technology or neutrino detection, but also for FIPS coming
from pp collisions such as light Dark Matter

Large detector & total integrated luminosity increases 
by a factor 20 w.r.t. Run 3!

Yitchen Li

Contact. M. Diwan

Capabilities for tau-neutrino measurements still require detailed studies 



The Forward Physics Facility
Proposal: A bigger version of FASER -> FASER2 and FASERv2

FASER: Larger acceptance and larger decay volume 
FASERnu: 20 tons target mass (increase from 1.1 ton)

3.3k emulsion layers interleaved with 2 mm tungsten
Interface detectors to connect with FASER

Concern: the expected high muon flux.. Sweeping magnet needed
for the plan to exchange the emulsions only once a year

Run 3: 150 fb-1 HL-LHC: 3 ab-1

arXiv:2109.10905



The Forward Physics Facility

Proposal: two detectors, at different 𝝶 regions (~ 8 and ~ 5)

For the forward detector the changes with SND@LHC are:
- Compact electronic detector for the active target (or emulsion)
- Magnetic spectrometer for muons
- Target mass minimum 2 tons, but up to 10 tons being studied

Concern: the expected high muon flux.. Sweeping magnet needed
if emulsions will be used in the target



Neutrino Rates @ LHC

From Felix Kling

FPF detectors will record thousands of tau-neutrino interactions  



Summary

Experiments relevant for tau–neutrino studies @CERN

• NA65: taking data now

• SHiP: few thousand neutrino and anti-neutrinos 

detected in 5 years, however its future is not yet clear

• Neutrino experiments at the LHC are now becoming a 

reality: FASER𝛎 and SND@LHC. These will be give a few 

tens of tau-neutrinos. Neutrinos detected in  these 

experiments will be in the  few 100 GeV – few TeV range 

• Large statistics samples can be collected at a future 

Forward Physics Facility, with several thousand events in 

three possible detectors

• The FPF is still a study, no CERN commitment yet..



The SND@LHC Experiment


